Abstract
growth rates are positively related to leaf stomatal conductance, leaf water potential and leaf chemical components, and negatively related to leaf C/N and leaf toughness and (iii) the two sets of traits better explain growth rates in combination than either alone.
Methods
Our study was conducted in a large-scale forest Biodiversity and Ecosystem Functioning experiment in China (BEF-China), located in a mountainous region in Jiangxi Province. We related 17 functional traits (two crown dimension and three crown structure traits; six physiological and six morphological leaf traits) to the mean annual growth rate of wood volume of young trees of the studied species. Interrelationships between crown and leaf traits were analyzed using principal component analysis. Simple linear regression analysis was used to test the effect of each trait separately. We used multiple regression analysis to establish the relationship of growth rate to each set of traits (crown traits, physiological and morphological leaf traits) and to the combination of all types of traits. The coefficients of determination (R 2 adj ) of the best multiple regression models were compared to determine the relative explanatory power of crown and leaf traits and a combination of both.
INTRODUCTION
Growth rates of plants are driven by factors that influence the resource availability (light, nutrient and water), the amount of resources captured and the efficiency of resource use (Monteith 1977; Richards et al. 2010) . Focusing on light resources, the amount of light captured and the efficiency of resource use in trees are mainly determined by crown characteristics and leaf traits (Fichtner et al. 2013; Poorter and Bonger 2006; Sterck et al. 2001) .
The tree crown is composed of structural organs (i.e. branches) and photosynthetic organs (i.e. leaves), and is a key constituent in determining the magnitude of light captured (Sterck et al. 2001 )and the ability to shade neighboring trees (Lang et al. 2010; Simard and Zimonick 2005) . Crown attributes (i.e. size and architecture) are, therefore, commonly used in modeling individual tree growth (Mäkelä 1997; Pretzsch 2009 ). The allocation of biomass to crowns is constrained by mechanistic determinants such as biomechanical stability and hydrodynamic resistance, leading to species-specific crown traits (cf. Poorter et al. 2012 , van der Sande et al. 2015 . Moreover, tree crowns are responsive to topographical and edaphic conditions and the size and spatial arrangement of neighboring trees (Lang et al. 2010; Li et al. 2014b; von Oheimb et al. 2011) . In a Mexican lowland rainforest, Sterck et al. (2003) compared saplings of two shade-tolerant tree species in the forest understory and demonstrated that crown dimension, such as the width and depth of crown and the number of leaves, are simple and reliable predictors of interspecific variation in growth rates. Furthermore, crown structure plays a role in photosynthetic consequences (Kohyama 1987) . For example, crown shape (defined as the ratio of crown length to crown diameter) is the result of the spatial organization of branches and foliage (Valladares and Niinemets 2007) , which may be related to the efficiency of light utilization (Kuuluvainen and Kanninen 1992) . The latter authors found that a narrow crown shape appeared to promote stemwood production per unit of foliage in young Scots pine.
Leaves are of major importance for tree productivity due to their fundamental role in carbon (C) assimilation by means of photosynthesis and transpiration (Wright et al. 2004) . Leaf physiological and morphological traits are known to reflect the strategies of both resource uptake and resource use efficiency (Reich et al. 1999) , and thus, these traits are expected to impact plant growth rates. However, photosynthetic rate and efficiency at the leaf-level have also been reported to fail in predicting plant growth, particularly within the same functional group, when other important factors such as dry matter partitioning or canopy structure were not considered (Lambers et al. 1998; Paine et al. 2015) . Still, some single leaf physiological traits are known to be related to plant growth rates (Chaturvedi et al. 2011 (Chaturvedi et al. , 2014 . For example, leaves of slow-growing species frequently had lower stomatal conductance, transpiration rates and nitrogen (N) concentration than faster-growing species (cf. Chapin III et al. 1993) . Regarding leaf morphological traits, specific leaf area (SLA), which quantifies leaf area displayed per unit dry mass invested, is often considered a key factor for plant growth (Lambers and Poorter 1992) . This is mainly because SLA is positively associated with the proportion of leaf N allocated to photosynthesis and photosynthetic N use efficiency (PNUE) (Poorter and Evans 1998) . A positive relation between SLA and relative growth rate was found along the canopy-understory gradient (Poorter and Bongers 2006) , in low irradiance environments (Poorter and van der Werf 1998) and among woody species grown in different habitats (Cornelissen et al. 1996) . However, Shipley (2002) reported the opposite pattern for trees grown under high irradiance. The author stressed the varying importance of SLA in determining growth rates at different levels of irradiance. Furthermore, if light conditions are equal, shade-tolerant deciduous taxa tend to have higher SLA, while shade-tolerant evergreen taxa tend to have lower SLA as compared to light-demanding species with the same leaf habit (Böhnke and Bruelheide 2013) . This indicates that the SLA-growth rate relationship might be inconsistent within particular functional groups in particular growing environments.
The growth rates of trees are species-specific, and these interspecific differences have frequently been viewed as a result of niche differentiation, enabling tree species to coexist and allowing tree communities to be structurally complex (Bu et al. 2017; Kohyama 1993; Lang et al. 2012; Peng et al. 2017; Zeng et al. 2017a Zeng et al. , 2017b . Linking measurable crown and leaf traits to explain species-specific growth rates contributes to a better understanding of the strategies of tree growth and the structure and dynamics of forest communities (Adler et al. 2014) . However, crown traits have often been used to predict individual growth rates of large trees and canopy trees (e.g. Fichtner et al. 2013 , but see Takyu 1998 ), but have rarely been used to contribute to the explanation of interspecific variation in growth rates of young trees. The association between leaf traits and interspecific variations in plant performance has been demonstrated in trees along light gradients Bongers 2006, Wright et al. 2010) , in the shaded understory of forests (Sterck et al. 2003) , or under high-light greenhouse conditions (Tomlinson et al. 2014) . In contrast, few studies have examined how leaf traits drive the speciesspecific growth of both shade-tolerant and light-demanding tree saplings under uniformly high-light field conditions (Shipley 2002) . The full sun environment may substantiate the species-specific growth variations that are large enough to distinguish the growth abilities/strategies of different species (Lambers and Poorter 1992; cf. Tomlinson et al. 2014) . Under conditions in which light is not limiting, differences in photosynthesis-related crown and leaf traits should determine light capture and light use efficiency, thus affecting growth rates. Moreover, there is little information on how growth rates are driven by functional traits in subtropical forest ecosystems (Paine et al. 2015) . More importantly, much research effort to date has been spent on crown and, particularly, on leaf functional traits with respect to tree growth rates. However, information is lacking on the combined effects of crown and leaf traits in explaining the species-specific growth rates (but see Iida et al. 2014; van der Sande et al. 2015) .
In a large biodiversity-ecosystem functioning experiment established in subtropical China (BEF-China, Bruelheide et al. 2014) , growth rates of young individual trees were found to be highly species-specific and strongly affected by initial tree size and local site conditions (Li et al. 2014b) . In this study our main research question was how the interspecific differences in growth rates are explained by crown and leaf traits under open field conditions, where light was not limited at this early stage. We made use of the BEF-China experiment that incorporates 37 native broad-leaved tree species grown in a high diversity of local neighborhoods. This high heterogeneity of local neighborhoods can be expected to result in a diverse range of neighborhood conditions expected under natural stands (Li et al. 2014b) . To address the main research question we tested three hypotheses: (i) species-specific growth rates are related to crown traits. Specifically, larger crown sizes should result in increased growth rates. Faster-growing tree species are characterized by specific crown structures, for example a wider crown shape or a higher ratio of crown width to stem diameter. (ii) Species-specific growth rates are related to particular leaf traits. For instance, growth rates could be positively associated with stomatal conductance, leaf water potential and leaf chemical components, and negatively associated with C/N and leaf toughness. (iii) The two trait types (i.e. crown-and leaf traits) in combination better explain growth rates than either type alone.
MATERIALS AND METHODS

Study site
Our research was conducted in the BEF-China experimental site, located in a mountainous subtropical region close to Xingangshan Township, Jiangxi Province (N29°08′−11′, E117°90′−93′), China. At this site, the mean annual temperature is 16.7°C and the mean annual precipitation 1821 mm. The wet season lasts from April to August. The natural vegetation of this region is a subtropical broad-leaved forest with evergreen species in high abundance . BEF-China comprises two experimental sites (sites A and B), which were established in 2009 and 2010, respectively. Prior to the experiment, the experimental sites were covered with a plantation of Pinus massoniana Lamb. and Cunninghamia lanceolata (Lamb.) Hook. After a clear-cut, a total of 566 plots (271 plots at site A and 295 plots at site B) were set up, each with an area of 25.8 × 25.8 m. The relief of both sites is highly variable, with slopes ranging from 0 to 45° (Scholten et al. 2017) . At both sites, each of 24 tree species were planted, with 8 of these species being planted at both sites. Following the broken-stick design , six richness levels of 1, 2, 4, 8, 16 and 24 tree species were randomly assigned to 88, 68, 40, 26, 19 and 5 plots at each site. In each plot, 400 (20 × 20) trees were planted at equal horizontally projected distances of 1.29 m. At the time of the first inventory (1 year after the establishment, see below), the median height and the median crown width were 68 and 40 cm, respectively. Further details on the design and establishment of the BEF-China experiment are given in Bruelheide et al. (2014) , Yang et al. (2013) and Yang et al. (2017) .
Data sampling and preparation
For the growth and crown measurements, we monitored trees within the central part of every plot, specifically the central 6 × 6 planting positions (i.e. 36 tree positions per plot) in the monocultures and two-species mixtures and the central 12 × 12 planting positions (i.e. 144 tree positions per plot) in the 4-, 8-, 16-or 24-species mixtures (Li et al. 2014a (Li et al. , 2014b . Total tree height, stem diameter at 5 cm above ground (hereafter GD), crown base height and crown diameter along two cardinal directions (N-S and E-W) were measured annually in September and October from 2010 to 2013 for site A and from 2011 to 2013 for site B. Total tree height was determined with a measuring pole as the length from stem base to the apical meristem. GD was measured with a caliper, and the position of the diameter measurement was permanently marked on the stem with white paint. The bifurcation point of the lowest live crown branch of the tree (excluding epicormics or sprigs) was taken as the crown base. Crown diameters were determined with a measuring tape. These direct measurements were used to calculate the growth rate of wood volume and a set of crown characteristics (see below). In order to avoid confounding species-specific with size-specific effects on growth rates, in the first inventory we only included trees within a narrow range of total height of 41-95 cm (i.e., the median of 68 ± 27 cm). Within this size class, tree height and crown characteristics (the latter are calculated from the first year inventory data, see below) were weakly correlated (r < 0.45). Three tree species were removed from the analysis due to low abundance (<5). In total, we included 37 tree species in this study (supplementary Table  S1 ). The number of tree individuals used for quantifying the growth and crown variables per species ranged from 20 (Acer davidii, Machilus leptophylla) to 716 (Castanopsis sclerophylla), with a mean number of 233 tree individuals per species.
The annual growth rate of wood volume was used to represent the tree growth rate, calculated as dV/dt = (V j -V i )/(T j -T i ), where V j is the wood volume for the last inventory year T j and V i is the wood volume for the first inventory year T i . The wood volume was estimated as V = tree height × π × (GD/2) 2 × f c , taking account of tree growth in both a horizontal and a vertical direction. The term f c is the cylindrical form factor, which is the ratio of total tree wood volume to the volume of a cylinder that has the same height and diameter as the tree (Husch et al. 2003) . The cylindrical form factor varies with stem diameter and age, and was set equal to 0.70, which is an average value for young trees (Hess et al. 2015; Kramer 1988) . We calculated the growth rate of wood volume for each tree individual, and then averaged these values across all individuals of a species to obtain the mean annual growth rate per species (hereafter referred to as growth rate). Crown length (CL) and crown projection area (CPA) are characteristics that represent crown dimension, and were used to calculate the three crown structure traits, crown ratio (CR), crown length ratio (CLR) and relative crown length (RCL , Table 1 ). CL was calculated as the difference between total tree height and crown base height. CPA was calculated as an area of ellipse using the crown diameters in two cardinal directions. CLR is the ratio of CL to total tree height. CR is the ratio of mean crown diameter to GD, and RCL is defined as the ratio of CL to mean crown diameter. Crown traits were calculated for each tree individual based on the data from the first inventory and then averaged for each species.
For leaf trait measurements, we randomly selected three to 13 tree individuals per species at the experimental sites. For each tree individual, at least five leaves were sampled and traits measured. All leaves sampled were sun-exposed, fully developed and non-damaged. The trait measurement protocols and the resulting datasets have been described in previous publications (Kröber and Bruelheide 2014; Kröber et al. , 2015b . In this study, we selected 12 leaf traits, six physiological and six morphological traits, all of which are commonly used to characterize photosynthetic capacity and growth strategy of plants (Table 1) . Physiological leaf traits included leaf mean stomatal conductance (g s mean ), leaf water potential (Ψ) measured in spring, mass-based C to N ratio (C/N), leaf calcium, potassium and magnesium concentration (Ca, K, Mg). Morphological leaf traits included leaf area (LA), leaf dry matter content (LDMC), SLA, leaf toughness (LEAFT), thickness of palisade parenchyma (PALIS) and leaf thickness (LEAFTHICK).
Data analysis
The coefficient of variation (CV) was calculated as (standard deviation/mean)× 100% to quantify the interspecific variability of each trait. Principal component analysis (PCA) was used to present the interrelationship between all traits. Pearson correlation was used to obtain the correlation coefficients. We applied simple linear regression analysis to examine the relationships between each single trait and growth rate. All predictor variables and the response variable growth rate were scaled for comparable slopes. Multiple regression analysis was used to establish the relationship of growth rates to either the set of crown traits or physiological and morphological leaf traits or to the combination of traits from all three sets. The best multiple regression model with a maximum of five predictive variables was selected based on Akaike's Information Criterion with a correction for small sample sizes (AICc), using the MuMIn Rpackage (function: dredge). To avoid collinearity only traits that were not redundant (r < 0.7) were included in the full model. The best models were controlled for collinearity by using the variance inflation factor (VIF < 2.5). The AICc and adjusted R 2 of the best multiple regression models were compared to assess the relative importance of the different sets of traits in determining growth rates. In order to ensure that the Leaf traits are classified as physiological or morphological traits. Range and relative variability calculated as coefficient of variation (CV = (standard deviation/mean) × 100%) for each trait are given. Slope: standardized slope of the significant linear relationship between tree growth rate and each single trait.
*** 0 ≤ P < 0.001, ** 0.001 ≤ P < 0.01, *0.01 ≤ P < 0.05, † 0.05 ≤ P < 0.1, n.s.: not significant. effect of crown dimensions was not caused by size-specific differences, we included tree size (i.e. initial height) in the models and re-ran the analysis. The results were not altered by the inclusion of tree size in the initial model. All statistical analyses were conducted in R 3.0.2 (R Development Core Team, 2011).
RESULTS
Interspecific variation
Growth rates varied strongly among the 37 broad-leaved tree species (supplementary Fig. S1 ). Meliosma flexuosa displayed the lowest wood volume growth rates with 77.7 cm 3 year −1 , whereas Nyssa sinensis was the fastest-growing species achieving 1729.2 cm 3 year −1
. The average growth rate across all species was 576.1 cm 3 year −1 .
Tree species also differed considerably in terms of crown and leaf traits (Table 1) . Tree species were highly variable in CPA(CV: 56.1%) and RCL (CV: 41.1%), but much less so in CL, CLR and CR (e.g. CV of CR: 21.0%). LA showed the largest interspecific variability with a CV of 155.2%. The tree species also varied considerably in LEAFT (CV: 52.9%). Leaf traits that varied least were LDMC, Ca and C/N (CVs: 16.9, 16.3 and 18.8%, respectively). ).Tree species with a higher CLR tended to have a higher RCL (r = 0.59 *** ) ( Fig. 1; supplementary Table S2 ). Only a few leaf traits were significantly correlated with each other ( Fig. 1; supplementary Table S3 (Fig. 1, supplementary Table S4 ).
Interrelationships between traits
Predicting growth rates with single crown and leaf traits
Simple linear regression revealed that only three out of 17 traits were significantly related to growth rates ( Fig. 2; Table 1 ). Of these traits, two were physiological leaf traits and one was a morphological leaf trait. None of the crown traits could significantly predict the growth rates observed. The amount of variance of growth rate explained by each single leaf traits was approximately 13% (Fig. 2) . The growth rates increased with increasing g s mean (slope = 3.55 ** , R 2 adj = 0.14) and with decreasing Ψ(slope = 3.41*,R 2 adj = 0.12). Tree species with tougher leaves grew more slowly (slope = −3.37*, R 2 adj = 0.12).
Predicting growth rates with different sets of traits
Multiple regression analyses yielded best models that contained two to five predictors for each set of traits ( Table 2) . The initial models for each set of traits are presented in Table 2 . After model selection, none of the crown traits were included in the best crown model. The best physiological leaf traits model showed that g s mean and Ψ in combination explained 24% of the growth rate variance. Compared to this model, growth rates were better explained by a set of three morphological leaf traits including LA, SLA and LEAFT (R 2 adj = 0.31). By combining crown and leaf traits as predictors, 42% of the growth rate variance was explained by the best model (including CL, CPA, g s mean , SLA and LEAFT).
DISCUSSION
Our 37 tree species exhibited distinctly different growth rates at this early successional stage, where the canopy was not yet fully developed and stratified (Li et al. unpubl. data) . The tree species showed large variability in some crown and leaf traits. This considerable variation might explain the differences in growth rates among the studied tree species.
Species-specific growth rates explained by crown traits
The crown traits used in this study included traits characterizing both crown dimension and crown structure. Our first hypothesis was that tree growth rates are positively affected by crown dimension and that crown structure explains a significant amount of variance of species-specific tree growth rates. Contrary to our expectations, none of the crown dimension or crown structure traits were able to significantly predict growth Table 1 for the abbreviations of trait names and  Table S1 for the abbreviations of species names. Eigenvalues: axis 1 = 5.38, axis 2 = 2.48, with a cumulative proportion of explained inertia of 31.6% and 46.2%, respectively. rates. Our results suggest that for high-light tree saplings of the same age and size the initial crown characteristics alone seem to have no clear ecological implications for species-specific growth rates. We explain this from the perspectives of withincrown variations, size-dependency and light conditions. Crown dimension scales positively with total LA per tree, which in turn is positively related to total light absorption (Binkley et al. 2013; Chmura and Tjoelker 2008) . Nevertheless, the spatial distribution and arrangement of leaves within a crown can strongly modify the efficiency of light harvesting per unit foliage area (Cescatti and Niinemets 2004; Jucker et al. 2015) . Chen et al. (1994) argued that crowns of different shapes can intercept a similar proportion of the available light because the effects of crown shape can be partly compensated by the differences in geometry and distribution of the foliage that also alter crown light interception. Furthermore, crown architecture is the outcome of a trade-off between the optimization of light harvesting and minimization of mechanical cost (Cescatti and Niinemets 2004) . For example, Sterck et al. (2003) showed that crown width of understory saplings (0.5-2.0 m tall) in a lowland rainforest positively affected vertical crown growth and negatively affected horizontal crown growth. Therefore, the potential effects of crown characteristics on growth rates might also be neutralized by other important factors such as the distribution and arrangement of modules; this, however, is beyond the scope of this study. Crown characteristics develop and change during ontogeny by the structural response of each species to different environments (Valladares and Niinemets 2007) . Relative growth rates of 145 co-occurring tropical tree species increased with wider crowns, but this relationship disappeared when the stem diameter at breast height (DBH) exceeded 20 cm (Iida et al. 2014) . Similarly, van der Sande et al. (2015) found no relationship of total LA to growth rates among emergent tropical canopy trees. We expected crown traits to have an important positive role for sapling performance, as found by Sterck et al. (2003) who examined this in the understory. However, under the well-lit conditions we found that none of the crown traits was important in explaining the interspecific growth variation of young trees.
Species-specific growth rates explained by leaf traits
Our second hypothesis refers to the finding of positive relationships of g s , Ψ and chemical components, and negative relationships of C/N and leaf toughness to the variation in growth rates among tree species. Of the 12 leaf traits, two physiological (i.e. g s mean , Ψ) traits and one morphological (i.e. LEAFT) trait independently explained a significant amount of interspecific variance in growth rates, thus partly confirming our expectations. With respect to the physiological leaf traits, growth rate has often been reported to be positively related to leaf N and assimilation rates (Kröber and Bruelheide 2014; Poorter and Bongers 2006) , thus affecting photosynthetic capacity. In agreement with the latter studies, we found a positive relationship between g s mean and growth rates, as also observed by Chaturvedi et al. (2011) for six tree species in a tropical dry forest and by Poorter and Bongers (2006) for 53 rainforest tree species. Under welllit conditions, as is the case at our experimental sites, leaves are prone to suffer from dehydration, which impedes photosynthesis. The reduction in Ψ indicates water deficits in leaves (Jarvis 1976) . A positive relationship between Ψ and stomatal conductance was observed in Acer saccharum (Yang and Tyree 1993) . Similarly, Ehleringer and Cook (1984) found a linearly decreasing photosynthetic rate of Encelia farinosa with declining leaf water potential at high irradiance. In line with our expectation, we found a positive relationship between Ψ and growth rates. In our study, Ψ was measured in spring, i.e. during a period with low precipitation but also with low evaporational demand. This relationship might be different if Ψ was measured during summer in the wet season. Peng et al. (2010) found that relative growth rates of shrub species were negatively related to the C/N ratio under nutrient-enriched conditions. However, contrary to our hypothesis no relation was found between C/N ratio and growth rates in our study, as was also observed by Philipson et al. (2014) who investigated saplings of 15 tropical tree species. Single chemical components (i.e. Ca, K, Mg) also did not influence the species-specific tree growth rates. This finding does not conform to the positive role of K and Mg on plot-based crown growth rates of one of the sites reported by Kröber et al. (2015a) .
With respect to the morphological leaf traits, slower-growing species in our study were found to have tougher leaves than faster-growing species. But no other traits (i.e. LA, LDMC, SLA, PALIS and LEAFTHICK) were correlated with growth rates among tree species. Constructing tough leaves is a way of protecting the leaf physically from external agents (Westbrook et al. 2011) , in particular from desiccation (Díaz et al. 2004) , herbivores (Dominy et al. 2008) and pathogens (Hantsch et al. 2014) . Across all tree species, we found a negative relationship between LEAFT and growth rates, supporting our hypothesis. It implies a trade-off between physical resistance and growth. The same pattern was reported by Coley Full models are the models used to start the model selection. Final models are the models with the lowest value of Akaike's Information Criterion with a correction for small sample sizes (AICc). AICc and R 2 adj values are only depicted for final models. See Table 1 for the abbreviations of the predictors. (1988) for tropical saplings in canopy gaps, while Westbrook et al. (2011) found that leaf toughness was unrelated to growth rates, whereas it influenced mortality in woody species in the understory of a neotropical forest. Poorter (1999) suggested the more pronounced growth rate differences among species in gaps compared to the shaded understory as an explanation of the negative relationship between leaf toughness and growth rates which was only observed in gaps.
SLA as a measure of the allocation strategy reflects the potential light capture per unit LA, and thus, per unit of organic matter invested into leaves (Wright and Westoby 1999) . A positive relation between SLA and plant growth rate has often been reported (Lambers and Poorter 1992; Poorter and van der Werf 1998) . For our 37 tree species grown in the high-light environment, SLA alone failed to explain the species-specific growth rates. This might be attributed to the observation that the importance of SLA in explaining growth rates decreases with increasing irradiance (Poorter 1999; Shipley 2002) . In line with our finding, Philipson et al. (2014) reported no significant association between SLA and seedling growth rates of 15 tropical tree species along different light gradients. Paine et al. (2015) found that over a global scale SLA alone may be unsuitable for predicting sapling growth rates. These contradictory results suggest that the SLA-growth relationship might be site-specific. LDMC is a measure of the density of the leaf tissues and thought to be a robust trait for locating plant species on a resource use axis (Wilson et al. 1999) . LDMC was also reported to be positively related to leaf life span and negatively to relative growth rates (Pérez-Harguindeguy et al. 2013) . The species-specific growth rates of our tree species were not affected by LDMC, as also found by Chaturvedi et al. (2014) . It might be due to the low variation in LDMC. Negative relationships between leaf thickness and growth rates have been observed by Nielsen et al. (1996) and Poorter (1989) . However, neither thickness of the palisade parenchyma nor leaf thickness significantly explained the species-specific growth rates. This result suggests that thin leaves are not necessarily characteristic of fast-growing tree saplings.
Species-specific growth rates explained by combinations of different trait categories
Combining traits from different categories, we found that leaf and crown traits together increased the explained variance in species-specific sapling growth rates. Among tropical canopy trees, van der Sande et al. (2015) found that neither crown-nor leaf-related traits (i.e. total LA, SLA, leaf N) explained difference in growth rates. They argued that full access to light and better-developed crowns compensated for the possible effects of leaf traits. However, crown width was found by Iida et al. (2014) to be a strong positive driver for the relative growth rates of tropical trees with small stem diameters in the dark understory of a lowland rainforest. Given the constant availability of light, growth rates of trees are the product of the interplay between the proportion of light captured and the efficiency of light use, which could be reflected by crown and leaf traits, respectively. Our study tree species during this early stage were probably able to obtain their maximum amounts of light because light was not limited (Poorter 1999; van der Sande et al. 2015) . Notably, the effects of crown dimensions became significant when combined with leaf traits. We proposed that crown dimensions might further explain the interspecific difference in growth rates of trees that have similar photosynthetic efficiency. In this case, long but narrow crowns further increased the volume growth rates of tree species that had higher leaf stomatal conductance, lower SLA or less tough leaves. This finding corresponds to the strategy of crown construction in open high-light environments that minimizes biomechanical cost and potential damage from photoinhibition by means of narrow and longer crowns (cf. Pearcy et al. 2004) . In contrast, wider and shorter crowns are preferable in light limited environments as they result in less self-shading (Sterck et al. 2003) . Confirming our third hypothesis, the combination of crown and leaf traits was the best model to predict the growth rates as it explained more interspecific growth rate variance than traits from either category alone. This result provides empirical evidence for the production ecology equation, i.e. that the growth rates are the integrated outcome of resource captured and resource use efficiency provided by the constant resource availability. The inclusion of functional traits at different organizational levels into one model has rarely been examined. However, plants encounter diverse tradeoffs, which are governed by different traits (Iida et al. 2014; Sterck et al. 2006) . Therefore, the species-specific growth rates were better explained by traits that mirror both components of growth rates (i.e. light interception and light use efficiency) than by traits related to just one of the components.
To summarize, at the early stage of this subtropical forest, differences in growth rates among a large number of native tree species were to some extent driven by morphological leaf traits, followed by physiological leaf traits, but not by initial crown characteristics alone. We assume that when light is not limited, the light use efficiency at leaf level is more important in differentiating the species-specific growth rates of young trees than light capture at crown-level. The fact that using a combination of both crown and leaf traits greatly improved growth models reinforces the argument that functional traits at different hierarchical levels, reflecting both light interception and light use efficiency, should be considered when seeking to explain species-specific growth rates, which is in agreement with Poorter (1999) . The contrasting relationship between functional traits and plant growth rates from different studies indicates that there might be no universal combination of traits to adequately explain the species-specific growth rates of different plants or plants under different environmental conditions (e.g. light availability).
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